Results: Multivariable modeling of the main and interactive effects revealed the interactive effect, but not the individual effects, of patients' and caregivers' prognostic understanding was significantly associated with higher odds of patients' DNR order completion, adjusting for potential confounds (AOR = 5.89, P = 0.04). For dyads in which both the patient and caregiver had prognostic understanding regarding life expectancy of ≤12 months, 70.7% of patients had completed DNR orders compared with 31.6% to 38.9% in which 1 or both lacked prognostic understanding.
Eligibility criteria for both CwC1 and CwC2 included the following: (1) patient diagnosis of poor prognosis advanced cancer (defined by presence of distant metastases and/or disease progression following at least first-line chemotherapy and clinician's estimate that the patient would live ≤6 months); (2) patient and caregiver ≥21 years; (3) patient and caregiver ability to speak English or Spanish; and (4) adequate physical and psychological well-being of patient and caregiver to complete study interviews. Patients were excluded from these studies if they demonstrated obvious signs of cognitive impairment (eg, dementia or delirium as assessed by oncologists) and/or if they made more than 6 errors on the Short Portable Mental Status Questionnaire. 15 After obtaining informed written consent, patients' medical records and primary oncologist were consulted to confirm eligibility.
Trained research staff conducted a structured interview with each patient and caregiver at study entry during which all measures were verbally administered to overcome potential literacy barriers, enhance data accuracy, and reduce the frequency of missing data. All inter- years. Responses of "years" were coded as: "0" = lack of prognostic understanding and responses of "months" were coded as "1" = prognostic understanding. Thus, across both data sets, life-expectancy estimates were categorized as ≤12 months and > 12 months. A logistic regression model, adjusting for potential demographic and clinical confounders as listed in the methods, was used to evaluate the effect of patient prognostic understanding, caregiver prognostic understanding, and the interactive effect of patient and caregiver prognostic understanding on patients' DNR order completion rates at the "baseline" assessment. An alpha level of P < .05 was the threshold for statistical significance; all tests were 2 sided. The presence of a significant interactive effect was interpreted by graphing the interaction's effect on the main outcome and DNR order completion.
3 | RESULTS
| Demographic and medical characteristics
Of the 1570 eligible patients (n = 993 CwC1, n = 577 CwC2), 1115
(71.0%) (n = 726 CwC1, n = 389 CwC2) completed study measures.
Of these 1115 participating patients, 279 (25.0%) had complete data for both their caregiver and DNR order completion outcomes. Thus, n = 279 patient-caregiver dyads were included in the final analytic sample of the CwC1 and CwC2 merged dataset. The mean patient age was 60.18 years old (SD = 11.95), and the mean caregiver age was 54.48 years old (SD = 14.06). Patients were predominately white (86.1%), female (56.9%), and college educated or higher (58.0%). Caregivers were predominately white (85.0%), female (63.7%), and college educated or higher (59.7%). See Table 1 for a description of sample characteristics.
Four possible combinations of dyads were created: (1) both the patient and caregiver had prognostic understanding (ie, life-expectancy estimate of ≤12 months); (2) neither the patient nor the caregiver had prognostic understanding; (3) the patient had prognostic understanding but the caregiver did not; and (4) the patient did not have prognostic understanding but the caregiver did. Only 27.8% of dyads had both a patient and caregiver with prognostic understanding;
72.2% of dyads contained 1 or more members who lacked prognostic understanding ( Table 2 ). The most common dyad was one in which both patients and caregivers lacked prognostic understanding (44.4%). Dyads in which the patient and caregiver had prognostic Bold indicates a statistically significant result.
understanding reported the highest rates of DNR order completion (71% vs. 32%-39%, respectively; Table 2 ).
| Patient DNR order completion rates
Results of the logistic regression analysis indicated that neither the main effects of patients' and caregivers' prognostic understanding nor the potential confounders were significant predictors of DNR order completion. The only significant predictor of DNR order completion was the interactive effect of patients' and caregivers' prognostic understanding (AOR = 5.89, P = .04; Table 3 ). As displayed in prognosis may also be more likely to engage in shared decisionmaking, resulting in higher rates of DNR order completion. Future research should examine the mechanisms by which prognostic understanding is related to DNR order completion in order to inform interventions that improve engagement in ACP.
Improving DNR order completion rates is often the best way to ensure that advanced cancer patients are not subject to burdensome intensive care near death. 8 Additionally, those who have a DNR order have been shown to be more likely to receive palliative or hospice care. 7 Perhaps, due to their ability to help ensure quality EoL care, completion of advance directives and engagement in ACP are now being mandated by the Centers for Medicare and Medicaid Services'
Oncology Care Model. 19 Because advanced cancer patients who are more aware of their prognosis are more likely to prefer comfort care over aggressive, life-extending care, 2 it is important to ensure these patients' wishes are documented formally through DNR orders in cases in which this is their preference.
This study identifies patient and caregiver prognostic understanding as a potentially modifiable target associated with higher rates of DNR order completion. Additionally, findings from this study indicate the need for improving rates of prognostic understanding among patients and caregivers. Given the high proportion of dyads in the present study in which the patient, caregiver, or both lacked prognostic understanding (72.2%), interventions targeting dyadic prognostic understanding are critical. They hold the potential to make a large, impactful clinical difference not only in DNR order completion, where appropriate, but in completion of other forms of advance directives, such as living wills and health care proxies. Future research is needed to examine the effect of patient-caregiver concordance regarding prognostic understanding on these additional ACP engagement outcomes.
These results further support the need for a targeted intervention to improve both patients' and caregivers' prognostic understanding.
This form of intervention may also be important given that caregivers' understanding of patients' prognosis takes on heightened importance as patients become increasingly weak and cognitively compromised. 20 Prior research indicates that for patients with advanced illness, patient-centered care depends to a large extent on caregiver involvement. 21 Due in large part to the necessity of involving caregivers in advanced illness patients' care and decision making and further supported by the present findings, the critical role of caregivers in patients'
care and decision making merits more attention from clinicians.
Future interventions as well as clinical models should consider how to educate and resource caregivers regarding prognostic understanding to improve the quality of EoL care among advanced cancer patients.
Our study has several unique strengths, including its utilization of 
| Study limitations
Despite the strengths of this study, there are some limitations to consider when interpreting results. First, the sample consisted largely of white and highly educated patients and caregivers. Given that EoL outcomes are strongly influenced by culture, including religious and racial/ethnic disparities in treatment preferences, planning, and care, [22] [23] [24] research is needed to determine the generalizability of these findings across more diverse settings. That said, prior research has indicated that prognostic understanding is critical to improving EoL care planning across a variety of races, genders, and patient groups. 23, 25, 26 Second, the present analyses are cross sectional. Causal relationships between patient and caregiver prognostic understanding and completion of DNR orders cannot be inferred. Studies designed to improve prognostic understanding will provide more information on the causal relationship between patient and caregiver prognostic understanding and DNR order completion. Third, the measures assessing prognostic understanding were worded differently in
FIGURE 1
The interactive effect of patients' and caregivers' prognostic understanding on patients' rates of DNR order completion CwC1 and CwC2. However, the cutoff criteria for accuracy was the same across both studies, reducing the potential difference in measurement. Furthermore, concordance rates were similar across studies, indicating that the measures likely assess similar constructs. Third, approximately a quarter of patients eligible for the study did not participate. As such, there may be participation bias in the present study.
Thus, the effects estimated in the present study may not fully accurately reflect the interactive effects of patients and caregivers among patients who experience greater burden from their illness. This should be considered in interpreting the present results. Finally, only a quarter of patients who participated in the study were included in the present analyses due to a lack of caregiver data. One of the datasets used in the present analyses (CwC2) was from a study designed to compare African American to non-Hispanic white advanced cancer patients. Due to the low rate of caregivers eligible for African Americans in the present sample, patients were allowed to enroll despite not having an informal caregiver in order to improve the patient representativeness of the sample. Additionally, many caregivers were unable or unwilling to participate because interviews required them to spend time away from the patient. In future research, it is critical to examine caregiver reported barriers to enrollment in research studies and reduce these barriers in order to improve caregiver participation in the study.
| Clinical implications
The present study findings indicate the potential importance of medical providers ensuring that not only patients have an accurate prognostic understanding but that their caregivers do as well. Because the combined effects of patient and caregiver prognostic understanding influence patient outcomes, it may be critical to work towards a shared an accurate understanding of patients' prognoses between the physician, patient, and caregiver to improve quality engagement in ACP and EoL care.
| CONCLUSIONS
In summary, the present study found that having both patients and caregivers with prognostic understanding regarding life expectancy is associated with higher DNR order completion rates. These findings highlight the importance of increasing both patients' and caregivers' prognostic understanding to improve EoL care planning and decision making. Future clinical care could work towards integrating informal caregivers, when present and appropriate, into the conversation regarding prognoses. This step may help improve both prognostic understanding and the ability to document preferred EoL care wishes among advanced cancer patients.
